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Abstract 
The paper aimed to present the investigation of the use of photovoltaic cells based devices for solar light measurements and 
analysis in order to forecast the pace of growth of plants and to estimate the appropriate timing of harvest culture. It is based on 
the continuous data measurements by a microcontroller based circuitry of a solar module used for supplying a multi-functional 
wireless sensor for agriculture. The solar module consists of two monocrystalline solar cells (c-Si) flat design, highly transparent 
and having UV stable front encapsulation. The data is not only a simple day and night information, but a measurement of the 
solar radiation. The device is able to measure the environment temperature as well, therefore the data is useful for evaluation of 
the photoperiodism, but the correlation between solar radiation and temperature is also possible. The data is transmitted to a host
controller able to store and process higher volume information. As a conclusion, the research seeks to provide a low-cost solution
for small and medium size farms based on the very solar cells used to supply low-power consumption electronic modules of the 
wireless network sensors for an optimal recovery of production depending on the type of culture. 
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1. Introduction 
By intensity, duration and wavelength light affects photosynthesis, morphogenesis, seed germination in some 
species, anthesis, quality of chlorophyll pigments, water regime and other processes. 
Light intensity requirements depend on plants phase and are different from one species to another. Its value vary 
from zero (during vegetation rest for biennial and perennial plants) to 50,000 lux (e.g. for palm trees). Plants have 
the highest requirements for light in their active growth phase, the accumulation of reserve substances, in the floral 
induction, flowering and fruiting phases, as well as in germination phase for some species. On the contrary, 
excessive light may harm the plants due to caloric effects and excessive loss of water from their tissues. Duration of 
light and its day/night alternation influences many physiological processes (such as rest bud, leaf fall, the number 
and size of cells, anthesis, forming bulbs and tubers, a.s.o.) and affects the production of carbohydrates by all crops 
(Edmond et al., 1978), but here the interest comes from the observation that a photocycle with a dark and light 
periods of 16 and 11 hours, respectively, produced maximum number of flower primordia; light periods in excess or 
less than 11 hours produced smaller number of flower primordia (Devlin 1975). Plants are generally intolerant of 
continuous light for 24 hours. From the wavelength point of view, the relative efficiency of various light colours in 
photosynthesis is presented in Figure 1 (Whiting et al., 2014): red and infrared are useless in photosynthesis, but 
encourages flowering when combined with blue. Generally, physiological maturity is related to the plant moisture 
and usually refers to the maximum dry weight of the total plant or of the seed (in grain crops). On the other hand, the 
longer a crop remains standing in the field after physiological maturity, the longer the grain or fiber product is 
subject to environmental factors that can result in harvest losses. In an irrigation system this information would be 
useful to alert the farmer and to prevent the waste of water meaning energy saving (Iacomi et al., 2014). All these led 
to the idea that knowing the light periods it could be decided the proper moment the crop is mature for harvesting. 
Since in the mentioned above irrigation system the wireless sensor network is based on photovoltaic cell supplying 
(Codreanu et al., 2014), it was suggested to investigate its use to get the information relative to photoperiodicity. As 
known, there are three types of Silicon based solar cells: chrystalline silicon (c-Si), monochrystalline silicon (mono-
Si), polychrystalline silicon (poly-Si) and amorphous silicon (a-Si). The efficiency of solar cells reaches a maximum 
calculated limit of 33% (Shockley et al., 1961), but the best modern production silicon cell efficiency is 24% at the 
cell level and 20% at the module level (SunPower, 2012). The rest of energy is lost in heat, local recombination or 
unused due to the photons reflected by the surface of the cell and due to the low energy of the photons. However, 
Sharp Corp announced an efficiency of 37.9% using a triple-jonction III-V compound semiconductor solar cell, in 
2013, at research-level. The current within the semiconductor cell is created by its free electrons which are generated 
by collision with the photons with at least the band gap energy. Sunlight photons with less than the band gap energy 
will pass through the solar cell. 
Fig. 1. Light colour efficiency in photosynthesis. 
Generally, all the photons in the visible spectrum are strong enough to free electrons, but red coloured 
wavelengths, all microwave, and all radio waves do not have enough energy. They will simply pass through the 
semiconductor structure. On the contrary, the yellow wavelengths have too much energy but a lot of their energy is 
lost and dissipated as heat, and X-rays and Gamma rays have just too much energy to be absorbed at all. In the 
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"sunlight energy distribution" chart (Figure 2), only the green coloured photons can be "absorbed" and create 
electricity in a crystalline silicon cell (van Sark, 2012). From plant point of view, green light is least effective but the 
reflection of green light gives their green colour (Whiting et al., 2014). 
By participating as a source of energy in photosynthesis, light is the basic in achieving high yields and quality. 
Fig. 2. Sunlight energy distribution. 
2. Materials and Methods 
The wireless sensor network uses a photovoltaic cell as part of its power supply circuit, more precisely two 
monocrystalline solar cells (c-Si), highly transparent and UV stable front encapsulation. One cell provides a 4.4V 
voltage, 418mW power and 95mA current at standard test conditions (STC): 1000mW/m2 sunlight AM1.5, cell 
temperature 25ºC (Solar Module SMH 8-0450, Q-mo solar AG, Technical Document Rev.7/2011). The power 
supply feeds the wireless multi-sensor device built around a MSP430F2274 microcontroller. Measurement purpose 
is to determine certain voltage thresholds for different levels of illumination. Voltage measurement is performed 
both by a multimeter and by the microcontroller (through an input to its internal analogue to digital converter, the 
measurement readings being wirelessly transmitted to a host computer) keeping always the cell connected to the 
load and the software running the real program. Bench test schematic is presented in Figure 3. It is built around an 
in-house made dark enclosure, E, having a rod, R, that can slide an electric bulb, EB. The bulb is powered by a 
power supply, PS. Sliding system is necessary firstly, in order to obtain a large range of illuminance that cannot be 
realized only by the bulb feeding, and secondly, in order to obtain perpendicular rays on both geometrical centres of 
the solar cell, PV, and light sensor, S, of the Lux Meter, lx. The voltage generated by the PV is measured by a 
Digital Multimeter, V, connected directly on the PV outputs. The PV block is connected to an electronic module, 
EM, which is the core of the Solar powered wireless multi-sensor device for an irrigation system. The EM performs 
the measurement of the photovoltaic cell voltage and insert the converted value in the string of data sent to the 
central unit. The bench test is completed by a computer, PC, which is wireless connected to the EM. Running an 
appropriate software, the data from the EM can be stored in a log file and processed on the computer. 
There were used the following instruments (Figure 4): Light Meter YK-2005LX, Lutron Electronic Enterprise 
Co., Ltd; DM3051, Digital Multimeter, Rigol, DVM4200, True RMS Multimeter, Velleman; IT6720, Digital 
Control Power Supply, ITECH; Latidude D830 laptop, Dell. Daylight intensity was simulated by an electric bulb, 
TL H4, 12V, 60W. 
The experiment consisted in the following steps: a) Illuminance measurement with the Light Meter and marking 
the sliding system position for a number of representative values; b) photovoltaic cell voltage measurement both by 
the multimeter and the microcontroller for the corresponding representative values of the illuminance; c) data 
processing in order to set the threshold for several illuminance values. 
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Fig. 3. The bench test schematic. 
Fig. 4. The measurement set-up. 
3. Results and Discussions 
The illuminance was varied in the range of 0 to 70,000 lx, which is enough knowing that over 50,000 lx 
assimilation remains at a constant level. From the spectrum absorption point of view, the given photovoltaic cell 
being a c-Si type, is sensitive only up to 1100 nm wavelength, but it covers the entire range from UV beyond IR 
useful for plant requirements. 
The results of the measurements are presented in Table 1. Voltage is the mean value of five consecutive readings. 
As seen in Figure 5, for a given charge, the voltage generated by the photovoltaic cell is proportional to the 
illuminance. There is a difference between the readings by the multimeter and the readings by the microcontroller’s 
AD converter because of a series resistor inserted for current limitation through the microcontroller input. Vegetable 
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plants requirements to light intensity for optimal assimilation are from 20,000 to 30,000 lx. Therefore a threshold of 
1,596V is considered adequate to signal the reach of optimal conditions (Figure 6). The central processing unit has 
to extract information from the data stream received from the wireless sensor on the illuminance. Knowing the 
period of data transmission and the voltage thresholds it can be calculated the photoperiod and the number of days 
with optimum illuminance. 
Fig. 5. The measurement set-up. 
Fig. 6. Thresholds to signal several illuminance values. 
Table 1. Voltage measurements as function of illuminance (V). 
Illuminance (lx) 1000 2000 3000 4000 5000 10000 15000 20000 30000 40000 50000 70000 
Voltage
multimeter 
1.532 1.555 1.576 1.593 1.614 1.67 1.735 1.758 1.835 1.922 1.971 2.111 
Voltage
microcontroller 
1.352 1.38 1.404 1.424 1.447 1.503 1.565 1.596 1.658 1.74 1.781 1.893 
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4. Conclusions 
The experiment emphasized the possibility to use a common solar cell for use in photoperiodism evaluation as a 
cheap solution for solar radiation estimation. This feature enhances the characteristics of the proposed multi-sensor 
device for use in an automated irrigation system. Experiences will continue on a larger number of cells of the same 
type in order to investigate the repeatability of the threshold voltage. 
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